Abstract. Tests of unit roots and other nonstationary hypotheses that were proposed by Robinson (1994) are applied in this article to the Nelson and Plosser's (1982) series. The tests can be expressed in a way allowing for structural breaks under both the null and the alternative hypotheses. When applying the tests to the same dataset as in Perron (1989), we observe that our results might be consistent with those in Perron (1989) when testing the nulls of trend-stationarity or a unit-root. However, we also observe that fractionally integrated hypotheses may be plausible alternatives in the context of structural breaks at a known period of time.
Introduction
A major debate concerning the dynamics properties of macroeconomic time series has been going on since the seminal work of Nelson and Plosser (1982) . In that paper, the traditional view that the series were stationary around a deterministic function of time was challenged. Using statistical techniques developed by Dickey and Fuller (1979, 1981) , they found no strong evidence against unit roots in US historical annual time series. However, the implications of structural change on unit-root tests which take no account of this possibility attracted the attention of Perron (1989 Perron ( , 1993 , who found that the 1929 crash and the 1973 oil price shock were a cause of nonrejection of the unit-root hypothesis, and that when these were taken into account, a deterministic trend model was preferable. This question was also pursued by authors such as Christiano (1992) , Demery and Duck (1992) , Krol (1992) , Serletis (1992) , BenDavid and Papell (1994) and Mills (1994) among others. Christiano (1992) argued that the date of the break should be treated as unknown, and suggested that tests for a structural break are themselves biased in favour of nonrejection. He proposed tests based on bootstrap critical values, coming to di¤erent conclusions from Perron (1989) . Similarly, Zivot and Andrews (1992) allowed the structural break to be endogenous, finding less conclusive evidence against unit roots than did Perron (1989) . Banerjee et al. (1992) also considered this problem, proposing sequential statistics based on the full sample, and a sequence of regressors indexed by a 'break' date. Using these techniques, they failed to reject the unit-root hypotheses in the real output in five industrialized countries (including the United States) but found evidence of stationarity around a shifted trend for Japan.
In this paper, tests for unit roots and other fractionally integrated hypotheses in the presence of structural breaks under both the null and the alternative hypotheses are proposed. The tests are based on Robinson (1994) and are very general in the sense that they allow us to test roots not only at the zero frequency but at any frequency on the interval ½0; p. One advantage of these tests is that the limiting distribution is standard, unlike most unit-root tests (with or without structural breaks), where a non-standard asymptotic distribution is obtained and critical values must be computed numerically on a caseby-case basis through Monte Carlo simulations.
The article is organised as follows: Section 2 specifies the null and alternative hypotheses. Section 3 describes the test and its limiting distribution. Section 4 applies the tests to the Nelson and Plosser (1982)'s dataset, and finally, Section 5 contains some concluding remarks.
Null and alternative hypotheses
Slight variations in Robinson (1994) leads to the regression model
where y t is the time series we observe; z t is a ðk 1 Â 1Þ vector of deterministic regressors, which may include, for example, an intercept, a linear time trend or seasonal dummy variables; SBðT b Þ t is a ðk 2 Â 1Þ vector of regressors related to the structural break at a known period of time T b , and it will be specified, (in Section 4), in terms of an exogenous change in the level; a change in the rate of growth; and in both of them. Under the alternative hypothesis we suppose that x t in (1) satisfies rðL; yÞx t ¼ u t ; t ¼ 1; 2; . . . ; ð2Þ
where r is a prescribed function of the backshift operator L ðLx t ¼ x tÀ1 Þ and the p-dimensional parameter vector y, and u t is a covariance stationary se-
